Three experiments were conducted to determine whether feeding semduramicin at recommended levels would affect the broiler chicken's response to dietary methionine. In Experiment 1, three levels of methionine (0, 0.15, 0.30%) were fed to chicks in battery brooders. In Experiment 2, two levels of protein (18 and 22%) and three levels of methionine (0, 0.15, 0.30%) were fed to chicks in floor pens from 18 to 44 d. In Experiment 3, two methionine supplements were fed during each of the starter (0 and 0.21%, 0 to 18 d) and grower (0 and 0.10%, 18 to 35 d) periods to chicks in floor pens. In all experiments, male commercial broiler chicks were used, and all diets were fed with and without 25 mg/kg diet of semduramicin. The basal diets were based on corn, soybean meal, and poultry oil. In Experiment 1, there was a growth and feed conversion ratio response to methionine supplements, but there was no effect of semduramicin on growth nor any semduramicin by methionine supplement interaction. In Experiment 2, at 44 d, protein and methionine levels both influenced feed conversion ratios, but semduramicin did not. Feeding 22 vs 18% protein increased carcass and breast muscle yields and decreased abdominal fat pad weights. The results of Experiments 2 and 3 were very similar. Overall, the effects of semduramicin on growth and processing parameters were small and not significant, but considerable benefits in performance and carcass parameters could be realized by feeding the higher levels of protein or methionine.
INTRODUCTION
Since their introduction nearly 30 yr ago, the polyether ionophores have been the mainstay of coccidiosis control in the worldwide broiler industry. The record of success achieved by these compounds over this period is likely unparalleled in disease prevention, and the probability of their continued success in the future remains high.
Despite this outstanding record of achievement under conditions of nearly continuous usage, nutritionists have posed numerous questions about ionophores and their purported effects on nutrition of the broiler. Among several areas of research on supposed interactions between ionophores and different aspects of broiler nutrition were investigations addressing the utilization of protein and the sulfur-containing amino acids. Early publications by Murillo et al. (1976) , whose data suggested growth plateaus at a lower level of methionine supplementation when monensin was present in the diet, reinforced concerns related to these compounds. Patel et al. (1980) also studied the responses of chicks fed graded levels of methionine in the presence and absence of monensin, but were unable to reproduce the work of Murillo et al. (1976) . Conversely, the work of Patel et al. (1980) also suggested that lasalocid would increase the growth response of broilers fed methioninedeficient rations. Willis and Baker (1981) provided data to support this finding, and then, in a series of carefully controlled studies, demonstrated that monensin had no effect on methionine utilization (Baker and Robbins, 1979; Parsons and Baker, 1982; Welch et al., 1986) .
In other similar studies, Leeson and Summers (1983) studied the influence of salinomycin and monensin on the broiler's response to increasing methionine levels. They observed an apparent reduction in methionine toxicity by both anticoccidials, and a significant methionine by salinomycin interaction in feed efficiency in female broilers. Significant methionine by salinomycin interactions were also recorded for carcass yield in males and subjective fleshing scores in females. Reports by Izquierdo et al. (1987) demonstrated that narasin had no ability to interact with methionine when broiler performance was evaluated.
This research background and the ever-present concern of nutritionists to avoid drug-feed compatibility problems requires new anticoccidial products to be evaluated for potential nutrient interactions. Semduramicin, a recently approved ionophorous anticoccidial for broiler chickens, has been shown to have no effect on the broiler's response to dietary protein (Pesti et al., 1999) . The studies reported herein were conducted to determine whether semduramicin affects the broiler's response to supplemental methionine during the starter (0 to 18 d) and grower and withdrawal (18 to 42 d) periods.
MATERIALS AND METHODS

Experiment 1
Day-old male broiler chicks (Ross × Ross 208) obtained from a commercial hatchery 3 were housed in electrically heated battery brooders 4 with wire mesh floors and constant illumination. Feed and water were provided for ad libitum consumption. There were eight replicate pens of eight chicks each per dietary treatment. The basal diet (Table 1) was supplemented with three levels of DLmethionine (0, 0.15, or 0.30%) and two levels of semduramicin 5 (0 or 25 mg/kg). The experiment was carried out for 18 d. Chick weight gain and feed intake were measured at 9 and 18 d. The basal diet (Table 1) was formulated to meet the requirements (NRC, 1994) for all nutrients except the sulfur-containing amino acids. At 18 d the No. 8 primary feather was removed from each bird and weighed.
Experiment 2
After thorough cleaning and disinfecting, the experimental house was dried, litter was added, and the building was heated to 40 C to minimize coccidial challenge to the chicks. After this time, the building was closed to everyone not wearing clean coveralls and disposable plastic boots. On the day of housing, the house was approximately 33 C at bird level. During the first 3 d, the bird level temperature was 33 C; each week afterwards the temperature was reduced 3 C until 23 C was reached. The facility was divided into blocks with one treatment replicate occurring within each block (randomized com-6 Seaboard Farms, Athens, GA 30601. 7 Woodson-Tenent Laboratories, Inc., Memphis, TN 38101. After pen weighing on Day 49, three birds per pen were randomly chosen for carcass analysis and placed in coops. Six coops, divided into three sets of two, were assigned to each block. One bird from each of the 12 treatments were put into one of two coops in each set (six birds per coop). This distribution provided three sets of birds for processing from each block, with one of the three designated birds from each pen in each set of two coops. Coops were emptied by block at processing. Birds were held overnight (approximately 18 h) for processing. They were weighed just before exsanguination and carcasses were weighed dry just before chilling overnight in an ice bath for carcass yield. After chilling, the carcass was weighed again with the chilled weight being used for the calculation of percentage breast muscle and percentage legs. Breast muscle consisted of the Pectoralis major and Pectoralis minor muscles, and legs consisted of the thigh and drum sticks.
Experiment 3
The procedures for Experiment 3 were identical to Experiment 2 except the chicks were obtained from a different commercial hatchery 3 and kept for 42 d. The experimental treatments were combinations of different starter and grower diets fed to six replicate pens of 43 male broiler chicks each. There were two starter diet DLmethionine supplement levels (0 or 0.21% DL-methionine from 0 to 18 d) and two grower diet supplement levels (0 or 0.10% Met from 18 to 35 d; Table 2 ). From 35 to 42 d, all birds were fed the same withdrawal diet (Table 2) . Crude protein was determined by the Dumas method (Etheridge et al., 1998) ; amino acids were determined by the method of the AOAC (1990) by an independent laboratory. 7 Data were analyzed as both 1) one-way analysis of variance using the General Linear Models (GLM) procedure of SAS ® (SAS Institute, 1985) with mean separation by Duncan's new multiple range test (Steel and Torrie, 1980) ; and 2) split-plot randomized complete block design with main-effect means separation by Duncan's new multiple range test. Significant effects due to block were not found; therefore, the analyses reported were computed without block in the statistical models.
RESULTS
Analytical values for the diets were in agreement (Tables 1 and 2 ) with predictions from ingredient composition tables (NRC, 1994) . No mortality was found to be due to coccidiosis, and none of the variance in mortality was found to be due to the independent variables.
Experiment 1
The basal diet was clearly deficient in methionine: there were clear improvements in body weight gain, feed conversion ratio, and feather weight (Table 3) when DL- methionine was added to the basal diet. However, feeding semduramicin was without statistically significant effects on any parameters measured and there were no interactions with methionine (P > 0.278). Changes in feather weight closely paralleled changes in body weight gain.
Experiment 2
On Day 49, only dietary protein level was found to have a significant effect on either body weight gains or feed efficiency (Table 4) . Although the methionine supplements significantly improved feed conversion at Day 44 (P < 0.05), by Day 49 the differences were no longer significant. Differences in several processing parameters were found due to the dietary treatments (Table 4) . Abdominal fat pads (percentage), and percentage breast muscle were increased by increasing dietary protein levels. Supplemental methionine increased breast muscle percentage yields when the higher but not lower protein levels were fed, accounting for the significant protein by methionine interaction. Overall, the effects of semduramicin on processing parameters were small and not significant (Table 4) . Considerable benefits in breast yield were observed by feeding the higher levels of either protein or dietary methionine. Of the 24 statistical tests involving semduramicin in Table 4 , one test would be expected to indicate significance by chance alone (0.05 × 24 1). In fact, there was one at < 0.05, indicating that the differences observed could be all due to chance. None of the dietary variables influenced either feather score or feather weight.
Experiment 3
Both starter and grower supplemental methionine levels had significant beneficial effects on body weight gain and feed conversion (Table 5 ). Feeding semduramicin was without significant effect on performance and the carcass parameters measured. However, supplemental methionine fed during the grower period increased breast muscle and leg quarter percentages, without changes in the yield (percentage) of abdominal fat pads.
DISCUSSION
The null hypothesis of these experiments, that semduramicin does not affect the broiler chicken's response to supplemental methionine, was found to be correct in all three experiments reported herein. In addition, there was no evidence of semduramicin by methionine level interactions in these studies that resembled the lasalocid by methionine interaction (Patel et al., 1979; Willis and Baker, 1981) or the purported monensin by methionine interaction described by Murillo et al. (1976) . In these reports, lasalocid increased growth only when fed with low methionine levels, while monensin impaired growth at lower levels of methionine inclusion. Later work by Willis and Baker (1981) revealed that monensin actually had no effect on methionine utilization, but the adverse effects associated with this anticoccidial were attributed to its use in low protein diets (Welch et al., 1986) . The lack of interactive responses associated with semduramicin in these studies seems to be more consistent with the data of Izquierdo et al. (1987) , who demonstrated that narasin had no effect on the utilization of methionine by the growing broiler. Differences in response to these ionophores was probably not due to the basal diets alone, as all were similar and based on corn and soybean meal. In Experiments 1 and 3 there were significant body weight gain responses to supplemental methionine (Tables 3 to 5 ). In Experiment 2, however, chicks did not respond to methionine supplementation in terms of increased body weight at 49 d. When compared to Experiment 3 where birds were younger and much smaller, the lack of a methionine response (in Experiment 2) was probably related to both the decrease in amino acid requirement as birds age (NRC, 1994) and a lack of sensitivity of the experiment at that age. The birds' response to methionine supplements at 44 (Experiment 2) and 42 d (Experiment 3) was very similar. In Experiments 2 and 3 methionine is the first limiting amino acid as indicated by increased breast muscle yields.
Semduramicin produced few meaningful effects on carcass characteristics, although methionine supplementation and dietary protein level caused the most consistent improvements in processing parameters. In fact, feeding 22 vs 18% protein resulted in an extra 90 g of carcass weight and 45 g of breast muscle. Responses of similar magnitude were observed with supplemental methionine. Thus, it appears that supplemental protein and methionine may be effective methods for increasing both carcass and breast yield, both of which are economically meaningful parameters to broiler producers.
There was no evidence in Experiment 2 that semduramicin, protein, or supplemental methionine influenced feather weight or body feather cover (feather score). When wider ranges of protein were provided to chicks in other studies (Pesti et al., 1999) , quantitative differences in feathering were observed. There are several literature reports indicating that monensin may cause feathering problems (Charles and Kiker, 1974; Kiker and Sherwood, 1974) , but similar reports with other anticoccidials are rare (Patel et al., 1980) . Thus, it appears that semduramicin acts more like other ionophores in its lack of effect on broiler feathering. Parsons and Baker (1982) and Parsons et al. (1984) described the chicken's anorexigenic response to monensin. Parsons et al. (1984) and Welch et al. (1986) demonstrated in carefully controlled studies that the monensin-induced growth depression resulted from a reduction in feed intake. The results of our experiments clearly show that no such response was associated with semduramicin, as growth depression and reduction in feed consumption were not observed when the anticoccidial was fed.
In summary, the results of this investigation indicate that semduramicin exerted no adverse effects in these coccidia free studies. Performance, carcass and breast yield, and feathering parameters were all unaffected by the presence of semduramicin in these experiments. Moreover, the anticoccidial demonstrated no interactive effects when administered to chickens consuming a wide range of methionine levels. These results are consistent with previous reports (Pesti et al., 1999) , which demonstrated no interactions over a broad range of protein levels. Of equal interest are the economically very important observations confirming that protein and methionine supplementation profoundly affect carcass parameters.
